APPENDIX 1: FURTHER DISCUSSION
The measures of relative risk for the COPD analysis were based on a meta-analysis conducted for this study.
There were few studies that provided valid estimates of outcome (most studies based the diagnosis of COPD on self-report) and of exposure (most did not use a job-exposure matrix or equivalent), and the final relative risk estimates were based on the data from only two studies, both from the United States 14 17 . The estimates are expected to be appropriate for the exposure circumstances included in the current analysis, but there will be some uncertainty given that this is a global study and the included studies were based on a high-income country. The relationship between exposure and disease occurrence is likely to be similar across regions, but it is less clear if the exposure circumstances would be similar to those experienced by the workers included in the studies on which the relative risk estimates were based. The approach used assumed that "high" exposure and "low" exposure levels would be similar in all regions, but that the prevalence of exposure was greater in LMI regions, and generally that a higher proportion of those exposed in LMI regions were exposed at a high level.
The main determinant of exposure is likely to be the job task, and job task is likely to be related more to occupation than industry. Exposure estimates for PMGF and SHS were based on industry rather than occupation because most of the potentially useable exposure information in the literature was based on industry rather than occupation. However, the analysis was undertaken using estimates of persons exposed at high, low, or background levels, attempting to match the exposure circumstances to those present in the studies that provided the relative risk estimates. So, basing the exposure prevalence measures on industry should be a reasonable approach. Nevertheless, there is considerable scope for improvement in the assessment of the prevalence of exposure to PMGF.
Many of the control measures for SHS are likely to be different to those for PMGF. Therefore, there is interest in examining the burden arising from SHS and PMGF separately. The main relevant results are summarised here and in Table S3 . Of the 460,000 deaths (382,000-551,000) from COPD, 92% were estimated to have been caused by PMGF and 11% by SHS (the percentages add to more than 100 because both exposures could contribute to the same death). Of the 10.7 million DALYs, 86% were estimated to For SHS, the use of CAREX estimates of exposure prevalence (adjusted depending on level of development in each country), which were based on results for 1990-1993 for Western Europe, has the advantage that it reflects past exposure prevalence, which appears reasonable for estimates for 2016 given the latency for exposures resulting in COPD. However, only having a single estimate means comparisons of burden across time do not take into account changes in smoking habits and thus associated changes in SHS exposure prevalence. The adjustment between regions based on level of development was also blunt. The extent of direction of any resultant bias is hard to predict, with a probable over-estimation of SHS exposure prevalence in recent years at least partially offset by a probable underestimation of SHS exposure prevalence in LMI countries. Approaches to overcome these limitations are being considered for future GBD analyses.
Asthmagens and asthma
The rates of occupational asthma deaths and DALYs reflect a combination of the PAF and the rate of all asthma in the relevant region. The all-asthma rates appear to have the major influence on this, with the six regions with the highest rates of occupationally related asthma all being the six regions with the highest overall rates of asthma deaths. The exceptionally high rate of occupational asthma deaths in Oceania (2.4 times that of the region with second-highest rate) is a direct reflection of the overall asthma death rates estimated in GBD 2016 (where the asthma death rate in Oceania was 2.6 times that of the region with the second-highest rate) 1 , the cause of which is not clear. The significant fall in the rate of occupationally related asthma deaths (and DALYs) between 1990 and 2016 is heavily influenced by changes in the rate of all-cause asthma, with the rate of all-cause asthma deaths dropping by 37% over the 26-year period and the occupational exposure PAF actually increasing considerably (28%).
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The analysis was based on a good-quality population-based study that was conducted in Finland 20 21 . For many occupations, the relevant exposures in Finland are likely to be similar to those in other high-income countries. For farming, where the Nordic countries' practices are likely to be importantly different from those in countries with a warmer climate, the relative risk estimate from the Finnish study was replaced with one from what was considered a good-quality study covering much of Western Europe 22 . These approaches seem appropriate for high-income countries, but they are likely to be less so for LMI countries.
The high relative risk for mining raises the possibility of an overlap in the diagnosis of asthma and COPD.
As mentioned in the main paper, the CRA study estimated a PAF of 11% based on DALYs and 17% based on deaths (and estimated 38,000 deaths in 2000) 23 . The CRA approach used the same relative risks based on occupation as used in this study and a similar approach to estimating the prevalence of exposed workers. Therefore, the difference in the PAF must have arisen primarily from changes in the employment distribution and slight differences in the general methodology. Using the GBD 2016 methodology, the PAFs for occupational asthma for 2000 were estimated to be 9% for DALYs (8% for deaths) 1 . Since the relative risks were based on occupation, and the same set of relative risks was used for all regions, variation in the PAF between regions arose primarily from differences in occupation distribution and employment participation at different ages.
Pneumoconioses
The estimate of 21,500 deaths is considerably lower than the estimate of about 260,000 deaths in GBD 2013 24 . The difference arose primarily from a change in the approach used to allocate heart failure deaths to a specific cause of death category, with the GBD 2013 approach likely to have led to a major overestimation. The current estimate is also moderately lower than the estimate of 36,000 in GBD 2015 25 , with the differences due to improvements in estimates of causes of death. The current estimate is considered more accurate than previous estimates, but nevertheless remains subject to uncertainty arising from inaccurate cause of death coding in the source data, which is considered likely to have led to an underestimate, rather than an overestimate, of the burden arising from exposure to pneumoconiotic dusts.
In addition, pneumoconiosis predisposes to tuberculosis, meaning the true burden of disease related to pneumoconiosis is likely to be higher than reported in the current analysis 26 .
The CRA study estimated 30,000 deaths from the three main pneumoconioses (silicosis, asbestosis, and coal workers' pneumoconiosis) and 36,000 from all pneumoconioses 23 . Very different approaches were used in the two analyses. The CRA 2000 estimates were made using estimates of absolute risk and exposure and had more scope for error. The GBD 2016 estimates were based on sophisticated modelling of available information on incidence, prevalence, and mortality and are considered more accurate, with the proviso about the "Other pneumoconioses" category mentioned in the main paper.
Other methodological considerations
The main general uncertainties have been considered in detail in the companion overview paper 27 .
Methodological issues specific to the three main outcomes of interest have already been considered above in the relevant sections. General issues of particular relevance to the presented analysis are considered here.
Industry (for PMGF and SHS) and occupation (for asthmagens) were used as the basis for the risk factor exposure prevalence measures, which in turn were used to produce the PAF estimates. Since the relative risks were constant over time, changes in the PAFs over time are primarily due to differences over time in terms of occupation and industry distribution and employment participation at different ages, rather than to measured changes in the exposures for a given occupation or industry. Ideally, direct measures of the relevant hazards would be used. For COPD and asthma, the relevant exposures to measure are often hard to characterise, and they are hard to measure even if they can be characterised, which means the data on absolute or cumulative exposure are not available for the vast majority of relevant exposures. Also, the risk measures in the literature are typically available on the basis of occupation or industry, or on the basis of high exposure or low exposure. Therefore, using industry (for PMGF and SHS) and occupation (for asthmagens) was the only feasible approach that could be used to assign exposure prevalence. However, it may be possible to use broad measures of exposure to adjust for changes in exposure over time, and the development of job-exposure matrices suitable for use in occupational COPD 28 and asthma 29 studies raises the prospect of being able to incorporate more direct measures of relevant exposures in future analyses.
The relative risk estimates used were those considered the most appropriate available, but it is likely that there have been mismatches between the relative risk estimates used and the exposure circumstances to which they have been applied for some workers, countries, and time periods. This is because the relative 
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